The chromosomally mediated penicillinase present in three strains of Escherichia coli K-12 has been purified and characterized. Two of the strains carried the ampA gene and the third the wild-type allele. The purification involves release of the enzyme by spheroplast formation, dialysis, chromatography on sulfoethyl cellulose, and chromatography on hydroxylapatite. Enzyme from the two mutants appeared homogeneous in polyacrylamide gel electrophoresis. Enzyme from the wild-type strain gave two bands. Immunologically, the enzymes from all three strains were identical. Ultracentrifugation gave a homogeneous peak with a sedimentation coefficient of 3.45. Gel filtration gave an estimated molecular weight of29,000. The Nterminal amino acid residue was found to be alanine. Complete amino acid analysis showed a lack of cysteine. Ultraviolet spectra were recorded at three different pH values. The extinction coefficient at 280 nm is 21.0 for a 1% solution at pH 6.8. The optimal pH is 7.3. With enzyme from one of the resistant mutants, the following Km and turnover number values were obtained: for penicillin G, 12 ;uM and 2,080; for Dampicillin, 6 ,uM and 83; for cephalosporin C, 217 ,uM and 18,400. The effect of different salts on the enzyme activity was tested. Under many conditions the enzyme was found to be unstable.
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It is well known that penicillin resistance in bacteria at least in part is due to the enzymic hydrolysis of the (3-lactam ring of the penicillin molecule. Several such enzymes, called penicillinases or penicillin /l-lactamases, have been purified and characterized from strains of Bacillus and Staphylococcus (7) . Transformation studies (9) and genetic work on plasmids mediating penicillinases have also been reported for these organisms (26, 33) . However, for gram-positive bacteria, it has hitherto been difficult to correlate biochemical and genetic data to an understanding of how penicillin resistance is developed.
Among the gram-negative bacteria, Escherichia coli offers unique possibilities for work attempting to correlate biochemical and genetical data (39) . Our first genetic study of penicillin resistance showed that mutations in at least two separate loci were giving a stepwise increased resistance to ampicillin (10) . We have so far made genetic studies on three classes of resistant mutants which all contain the ampA gene (a gene mediating ampicillin resistance; 5, 11, 24) . Recently, we also compared strain D31, the most resistant of these mutants (which has chromosomal resistance genes), with an isogenic strain, Dl-Ri, which carries a penicillinase-producing episome (6) .
In this paper we report the purification and characterization of the chromosomally mediated penicillinase present in two mutants, the moderately resistant Gllal, and the highly resistant strain D31, which both contain the ampA gene (5, 11) . We have also purified the penicillinase from strain Gll containing the wild-type allele of the ampA gene. The companion paper by Lindqvist and Nordstrom (20) describes the purification of the penicillinase mediated by the R factor RI. Preliminary accounts of the location of the chromosomal enzyme and the first purification steps have previously been reported (4, 21) .
MATERIALS AND METHODS
Bacterial strains. All strains used were E. coli K-12. Strain Gllal which carries the amp Al allele is a spon-CHROMOSOMAL PENICILLINASE FROM E. COLI used was made up from the basal medium E of Vogel and Bonner (40) , supplemented with 0.2% glucose, 1 .3% nutrient broth (Oxoid), and 0.1% tryptone (Difco). Bacteria were usually obtained from 15-liter cultures grown in 5-gallon Pyrex bottles. Larger cultures of 40 liters or more were grown in a Biogen fermentor (American Sterilizer Co., Erie, Pa.). Cultures of 2 to 4 liters grown overnight on a rotary shaker were used as inoculum. Growth temperature was always 37 C. Foaming was prevented by the use of antifoam (Emulsion RD, Midland Silicones Ltd., Readings, England) , at a concentration of 0.5 ml/liter of culture. Growth was followed with a Klett-Summerson photoelectric colorimeter by using filter no. W66. The bacteria were harvested at a cell density of approximately 2.5 X 109 cells/ml or 1 mg of protein/ml. Growth was terminated by pouring the 15-liter cultures into a container with 10 liters of ice cubes precooled to -20 C. This procedure cools the culture to 0 C within 1 to 2 min. The chilled bacteria were collected by a Sharples centrifuge (model T-1P) equipped with cooling facilities. The rotor used was type T-E 2004-2 run at the maximal speed of 63,000 X g with a flow rate of 600 ml/min. This procedure normally yields about 80 g of bacterial paste from a 15-liter culture. When the Biogen fermentor was used, the culture was divided into 15-liter batches and processed in the same manner. The bacterial cells obtained from a 15-liter culture were washed once by resuspension in 750 ml of 0.01 M tris(hydroxymethyl)-aminomethane (Tris)-hydrochloride buffer, pH 8.0. The bacteria were recovered by centrifugation at 23,000 X g for 10 min and were used immediately for spheroplast formation.
Substrates. All penicillin derivatives, including 14C-DL-ampicillin with 2.8 /Ac/mg, were kindly donated by ASTRA, Sodertalje, Sweden. The amount of penicillin in each batch was determined analytically, and remaining material was assumed to be water, for which corrections were made. Cephaloridine, cephalosporin C, and 7-amino-cephalosporanic acid (7-ACA) were obtained from Glaxo Laboratories Ltd., Grennford, Determinations of penicillinase activity. Two different methods were used, one based on the hydrolysis of radioactive substrate, the other the iodometric method of Novick (25) . In the first case, the reaction mixture contained 7 mm '4C-DL-ampicillin (diluted to a specific activity of 0.28 gc/mg), 0.05 M potassium phosphate buffer (pH 7.4), and various concentrations of enzyme. Incubation was performed at 37 C in 0.3-ml microtubes. At different times (usually after 30 and 60 min) portions of 10 ,liters were spotted on Whatman 3MM paper which terminated the reaction. The products were separated by using paper chromatography as previously described (6) . After staining with ninhydrin, the ampicilloic acid spot was cut out and the radioactivity was counted by using a Nuclear-Chicago liquid scintillation counter. This method was used during the first part of the investigation and has the advantage of being absolutely specific for enzymes which cleave the ,6-lactam ring.
In the later part of the investigation and for the kinetics described, we used the iodometric method of Novick (25) adapted to the Technicon Autoanalyzer as briefly described before (6) . Reference samples of penicilloic acid were prepared by using Neutrapen. The amount of enzyme which hydrolyzes 1 ,umole of substrate per min at pH 7.4 and 37 C was defined as 1 unit of penicillinase. Routine analyses of penicillinase activities in chromatograms were performed at room temperature and by use of a standard curve converted to units at 37 C. All buffers and reagents were prepared with water redistilled in a quartz apparatus.
Analytical polyacrylamide-gel electrophoresis. Gels, containing 2 ml of 7.5% acrylamide, were made in potassium acetate buffer (pH 4.3), and the tray buffer was fl-alaninacetate (pH 4.7), according to Reisfeld et al. (31) . Electrophoresis was performed by the modification of the method of Hjerten et al. (15) with gel of only one pore size. The samples were dialyzed against 0.01 M potassium phosphate buffer (pH 6.8). The electrophoresis at 4 C was performed at 25 v and 2 ma per tube for 15 (17) . Antisera were collected about 2 weeks after the last injections.
From the antisera produced against partially purified penicillinase, gamma globulins were precipitated by addition of ammonium sulfate to 37% saturation.
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After stirring overnight at 4 C, the precipitate was collected by centrifugation. It was then dissolved in and dialyzed against 17.5 mm potassium phosphate buffer, pH 6.5. The solution was then passed through a column of DEAE cellulose pre-equilibrated with the same buffer. Antibodies against the pure enzyme were enriched by using only the DEAE-cellulose step. After elution, the gamma globulin fraction was concentrated by negative pressure in collodion bags from Membranfiltergesellschaft, Gottingen, Germany.
The immunodiffusion tests were done in 1% agarose (kindly provided by S. Hjerten, Uppsala, Sweden) containing 0.05 M Tris-hydrochloride, pH 8.6. To each well was added 10 juliters of the preparations analyzed. The concentration of antibodies against pure penicillinase was 3 mg/ml, and against partially purified enzyme about 6 mg/ml. The enzyme preparations contained 1 to 2 mg protein/ml. Purified enzyme from strain Dl-Rl (20) was kindly provided by R. C. Lindqvist in this department.
Determination of N-terminal amino acids. The analysis was by the Edman method as used by Eriksson and Sjoquist (12) . The phenyl thiohydantoin (PTH) derivatives were tentatively identified by thinlayer chromatography (16) and then by paper chromatography (37) . The water phase, which would contain PTH-arginine and PTH-histidine if present, was also examined. Standard mixtures of PTH amino acids (Mann Research Laboratories) were prepared (37) and used as references in chromatography. Spots on the paper chromatograms were located by producing a negative print on Agfa-Gevaert Copyline Contact paper no. C90 by using ultraviolet (UV) light. The spots were eluted in 95% ethyl alcohol at 40 C for 2 hr, and UV spectra were measured on the eluates, using as blank the eluate from a blank area of paper at the same RF position as the spots. The spectra and the ratios A245/A269 were used to distinguish true PTH derivatives from extraneous spots. The amount of PTH-alanine was calculated from the absorbancy at 269 nm, using a molar extinction coefficient of 16,000.
Formation of spheroplasts. The procedure used is based on the method of Repaske (32) . However, the higher cell density and the larger volumes used here, and perhaps also strain differences, make it critical to follow the procedure described as step 1 in Results. (10) . This penicillin B-lactamase activity (in the following referred to as penicillinase) has been purified from a moderately ampicillin-resistant strain, Gllal, and a highly ampicillin-resistant strain, D31, both containing the same allele of the ampA gene (5). The following procedures can without any modifications be applied to both of the strains, although most of the data presented are from experiments with Gllal.
RESULTS
Step 1. Release of the enzyme by spheroplast formation. About 80 g of the washed bacterial paste was transferred to a 1-liter graduated cylinder and resuspended at room temperature in a solution of 20% (w/v) sucrose containing 0.03 M Tris-hydrochloride, pH 8.0. A complete homogenization of the bacterial suspension is important and a piston fitting to the graduated cylinder was used. The volume of the resuspended bacteria was 675 ml and the bacterial density corresponded to about 6 X 1010 cells/ml. To these resuspended bacteria was added 37.5 ml of 0.1 M ethylenediaminetetraacetate (EDTA) adjusted to pH 8.0, followed by rapid mixing with the piston. Immediately thereafter, 37.5 ml of a freshly made solution of lysozyme (1 mg/ml) was added and mixed with the piston. Spheroplast formation was followed by withdrawing 0.1-ml samples, mixing with 5 ml of water, and reading optical density (OD) in a Klett-Summerson photometer. The OD was normally reduced about 80% after 5 min of incubation at room temperature. This indicated that the spheroplast formation was almost complete. Since the spheroplasts are rather fragile, it was found convenient to transfer the cell suspension to centrifuge bottles during the incubation. Before centrifugation the spheroplasts in each centrifuge bottle were stabilized by the addition of 1 M CaCl2 to a final concentration of 0.01 M (38) . Mixing was achieved by carefully turning the bottles upside down a few times. The spheroplasts were removed by centrifugation in a refrigerated centrifuge with a precooled rotor at a force of 23,500 x g for 15 min. From this stage on, all further operations were performed at 4 C. Stabilization of the spheroplasts by calcium gave rather well-defined pellets after centrifugation. The supernatant fluid was then collected by decanting carefully. The total volume of the supernatant fluid was about 600 ml. The pellets were discarded.
Since this step provides evidence for the surface location of the penicillinase, as previously shown (4, 21), we have in a smaller size experiment investigated the amount of penicillinase in different fractions recovered during a spheroplast preparation. The results in Table 1 show that during growth all enzyme activity was cell-bound, but that limited amounts of this activity could be released by washing in buffer or sucrose. The data for the total recovery indicates that the release of the enzyme as such increased the total activity.
Step 2. Dialysis. The cloudy supernatant fluid from step 1 was dialyzed against distilled water overnight and then for an additional 48 hr against 0.01 M potassium phosphate buffer, pH 6.8. After the dialysis, a small precipitate was removed by centrifugation at 23,500 X g for 15 min. The was used throughout the experiment. After stage II, the batch was divided into two parts which were used in stages nI and IV, respectively. The total activities given in the table are corrected for this division. Total recovery is given as per cent of total activity in stage Ta. Units of penicillinase are defined as pmoles of penicillin hydrolyzed per minute at 37 C. Penicillin G (2.5 mM) was used as substrate.
volume of the dialyzed extract was between 750 and 900 ml.
Step 3. Chromatography on SE cellulose. The dialyzed extract was applied to a column (30 by 850 mm) containing about 600 ml of SE cellulose. The flow rate was maintained at 40 ml per hr during the entire experiment. The column was pre-equilibrated with 0.01 M potassium phosphate buffer (pH 6.8), and elution was first carried out with about 1,000 ml of the same agent. The chromatogram in Fig. 1 shows that a large amount of UV-absorbing material travelled through the column without adsorption. A stepwise change to 0.1 M potassium phosphate buffer (pH 6.8) eluted the penicillinase as a well-defined peak. The enzyme activity travelled ahead of the UV-absorbing material, which indicates that this peak contained significant amounts of inactive material. We have previously eluted the enzyme with 0.07 M buffer (4) which often gives a better purification in this step. However, the 0.1 M buffer was selected because it improves the result of the following step.
Step 4. Chromatography on hydroxylapatite.
The second peak in Fig. 1 Fig. 2 shows that the penicillinase was eluted as a well-defined peak appearing in the first half of the gradient. Two large peaks of inactive material appeared at the end of the gradient. All fractions in the enzyme peak which contained more than 15% of the maximal activity were pooled. After concentration by negative pressure dialysis, the material was used as a purified enzyme source in all further experiments.
The present procedure has been described for the amounts of bacteria obtained from a 15-liter culture. By using the same columns, we have also processed material from 40 liter cultures, and the results of such a purification are summarized in Table 2 . The overall recovery of 60 to 80%, as compared to the starting bacteria, is relatively high, but should be related to the fact that more than 100% recoveries were obtained in some of the intermediate steps.
Purification of penicillinase from the wild-type strain Gll. We have previously reported that the wild-type strain G 1 also contains small amounts of a penicillinase (4, 21) . All steps of the preceding purification method can be applied to strain G1. The chromatogram shown in Fig. 3 demonstrates that in step 3 the penicillinase activity travels as a small, well-defined peak together with a very large excess amount of inactive material. A comparison of Fig. 1 and 3 shows that the amount of penicillinase activity in the wild-type strain Gll is at least 10-fold less than that found in the resistant mutant Gllal. The fact that the amount of penicillinase in the wild-type strain Gll is so small has limited the number of experiments attempting to characterize the wild-type enzyme.
Chemical characterization of the purified penicillinase. Analytical polyacrylamide-gel electrophoresis was used to test the homogeneity of penicillinases purified from strains Gi lal and D31. Figure 4 shows that after step 4 the penicillinases from these strains gave only one band, whereas a number of components could be demonstrated in the material obtained after steps 2 and 3. However, even after step 4, penicillinase from the wild-type strain GIl always produced two bands. The purified preparations were also characterized by immunodiffusion against antibodies obtained with partially purified enzyme as antigen (Fig. 5A ). Both parts of Fig. 5 show immunological identity for penicillinases from strains GI1, Gllal, and D31. The experiment also included the purified penicillinase mediated by the R factor RI ( Fig. 5B; reference 20 ). This enzyme gave no precipitation with the antisera prepared against the penicillinase mediated by the chromosomal gene.
Penicillinase from strain Gllal was examined in the ultracentrifuge. Figure 6 shows the schlieren pattern obtained at four different times. Only one symmetrical peak was obtained and the sedimentation constant was 3.4S.
The molecular weight of the penicillinase was estimated by gel-filtration experiments on Sephadex G75 by using, among others, horseradish peroxidase and myoglobin as known references. The results in Fig. 7 Table 4 as Amoles/mg of sample. A peak for tryptophan was only obtained with the D31 sample. Calculations of the amounts of amino acids showed that the material balance without tryptophan was 72.7 and 81.2% for the Gllal and D31 sample, respectively. The calculated numbers of residues are based on these recoveries and on an assumed molecular weight of 29,000. The data in Table 4 can therefore be used for comparison of the two samples but the absolute number of residues will have to be corrected when tryptophan analysis and more accurate molecular weight determinations are available. a The sample from D31 was dialyzed against redistilled water before freeze-drying. The sample from Gllal was desalted on Sephadex G25 equilibrated with 0.1 M acetic acid before freeze-drying. These analyses were kindly performed by J. 0. Jeppsson, Umea (Gllal) and D. Eaker, Uppsala (D31). None of the analyses showed any carbohydrates. The values for GlIal were obtained after 24 hr of hydrolysis. The values for D31 were average results from 24 and 72 hr of hydrolysis, with the exception of threonine, serine, and tryptophan which were extrapolated to zero hours of hydrolysis.
Agreement between the two analyses is within the normal experimental error for all amino acids except tryptophan. However, the amino acid composition differs from those found for other penicillinases. The number of arginine and lysine residues was 26, whereas Ambler and Meadway (1) recently reported 47 and 39 for a Staphylococcus and a Bacillus penicillinase, respectively. It should be emphasized that our penicillinase lacks cysteine, as do other known penicillinases (1, 7) .
The ultraviolet spectra of the purified enzyme at three different pH values is shown in Fig. 8 . At pH 6.9, the spectrum shows a small shoulder at 290 nm which is somewhat more pronounced than for most proteins. The extinction coefficient at 280 nm was determined as 21.0 for a 1% solution in 0.01 M potassium phosphate buffer, pH 6.8. This high extinction coefficient is not in strict agreement with the fact that the amino acid analysis showed only 24 aromatic residues including tryptophan.
Enzymic characterization of the penicillinase. Optimal pH was determined with both Tris-hydrochloride and potassium phosphate buffers. The results in Fig. 9 show that potassium phosphate buffer gave almost three times higher activity than did Tris-hydrochloride buffer. The optimum in both cases was found to be pH 7.3.
By using both penicillin G (benzylpenicillin) and D-ampicillin (D-epimer of a-aminobenzylpenicillin) as substrate, the Km values were determined for the purified enzyme from strains Gll, GIlal, and D31. Figures 10 and 11 enzymes from Gllal and D31 have similar Km values for each of the substrates. Table 5 shows K. and Vmax values for a number of different penicillin and cephalosporin derivatives. The 7-ACA used gave a decolorization of the starchiodine complex, presumably as a result of the presence of impurities. For this reason, we could only determine the enzymic hydrolysis of this compound at a concentration of 0.1 mm. By using these conditions, penicillinases from strains Gllal and D31 gave turnover numbers of 1.6 and 0.9 mmoles of substrate per mmole of enzyme per min, respectively. The corresponding values obtained with cephalosporin C were extrapolated to approximately 600 and 500. These results show that the side chain, consisting of the D-epimer of a-amino adiapic acid, drastically increased the hydrolytic function of the enzyme. For the penicillins, a similar effect was observed with the side chains (Table 5) .
Preliminary experiments showed that the enzyme activity was affected by phosphate as well as by magnesium ions. Different salts were therefore tested for their effect on the enzyme activity. Table 6 shows that stimulation of penicillinase activity was obtained with several cations. All the salts listed in Table 6 were also tested without enzyme. Of these, only ZnCl2 gave rise to hydrolysis of penicillin. Since MgCl2 gave no hydrolysis, it can be concluded that Zn2+ ions have the ability to catalyze the hydrolysis of penicillin to a significant extent. The concentration de- pendence for Mg2+ was investigated in a separate experiment shown in Fig. 12 . The fact that the optimal concentration corresponds to about 105 Mg2+ ions per enzyme molecule indicates that magnesium ions either induced a conformational change in the protein or protected the enzyme against denaturation. The stability of concentrated and diluted enzyme solution was therefore studied. Figure 13 shows that a diluted penicillinase sample lost about 40% of its activity during 25 min at 0 C. Gelatin, previously known to protect Bacillus penicillinase (28), offered almost full protection but did not increase the activity to the same extent as Mg2+ ions. Also D-ampicillin gave a temporarily increased activity (Fig. 13 ).
DISCUSSION
The location of the chromosomal penicillinase. Malamy and Horecker (22) first demonstrated that spheroplast formation can liberate a cellbound enzyme and that these types of experiments provide evidence for a surface location of the activity. The method has later been applied to several other enzymes as recently reviewed by Heppel (14) . The results in Table 1 show that during normal growth all the penicillinase in strain Gllal was cell-bound and that spheroplast formation gave an almost complete release of the enzyme. This also applies to the ampAB strain D31 (5), for the enzyme mediated by the R factor Ri (20) , and for some other E. coli strains (23) .
However, some of the chromosomally mediated penicillinase present in ampA strains is excreted during growth when the strain also carries the ampB mutation (K. Nordstrom, L. G. Burman, and K. G. Eriksson-Grennburg, J. Bacteriol., in press).
Since the synthesis of the penicillinase must occur inside the cell membrane, it is reasonable that a fraction of the enzyme activity is retained within the spheroplasts; this is evident from the data in Table 1 . However, our value is significantly lower than the percentage found to be intracellular after formation of protoplasts in Bacillus licheniformis (35) .
Comparison with other penicillinases. The molecular weight of 29,000 found for the chromosomal penicillinase from E. coli is of the same order of magnitude as that reported for penicillinases produced by several strains of Staphylococcus and Bacillus (7) . However, in strains of these organisms the penicillinases are inducible and often excreted. It has not been possible to induce the formation of the cell-bound enzyme in E. coli. Penicillinases in Mycobacteria are also cell-bound and noninducible (18) , and they may therefore resemble those in gram-negative bacteria. Datta and Richmond (8) were the first to purify a penicillinase from E. coli, namely the enzyme mediated by the R factor RTEM. Their enzyme, the R-factor enzyme purified by Lindqvist & Nordstr6m (20) , and the cephalosporinase produced by Enterobacter cloacae (13) have molecular weights between 14,000 and 21,000. This is considerably lower than the 29,000 found for the penicillinase present in ampA-carrying strains of E. coli. Judging from these data and the known amino acid composition, there is no obvious phylogenetic relationship between the penicillinases from different organisms or episomes in the Enterobacteriaceae. Evidence has recently been reported which indicates that the situation could be the reverse in the case of the staphylococcal penicillinases (36) . Evolutionary aspects of the structure of purified penicillinases were recently discussed by Ambler and Meadway (1) and by Pollock (29, 30) .
All penicillinases previously examined (1, 7) as well as the enzyme from our strain Gllal and D31 have been shown to lack cysteine (Table 4) . With respect to this property, as well as surface location, molecular size, and Km, our penicillinase resembles the transport protein recently reviewed by Pardee (27) .
The correlation between penicillinase activity and resistance to penicillin. By using penicillin G as substrate, the turnover number of our penicillinase is 10-to 100-fold lower than that found for other purified penicillinases (29) . Furthermore, the activity against penicillin G was more than 20 times higher than that found against D-ampicillin, despite the fact that both Gllal (10) and D31 (5) were selected as mutants resistant to DL-ampicillin. The fact that D-ampicillin was hydrolyzed more slowly than the L-epimer can be related both to the finding that the D-epimer is considerably more active than the L-epimer in lysing growing cells (3) and to the well-known fact that the cell wall of E. coli contains numerous D-amino acids (34) . However, cephalosporin C, which also contains a D-amino acid residue as side chain, gave a Vmax which was 220 times that obtained for D-ampicillin. In this respect our penicillinase resembles the /3-lactamase from E. cloacae (13) .
Considering the high activity against cephalosporin C, the enzymes could be called "allactamase" rather than "penicillinase." However, since it is possible that neither name correctly describes the biological function we have continued to use the term penicillinase. The yields of purified penicillinase from bacteria grown in rich medium indicate that strain D31 contains about three times more penicillinase than Gllal, which in turn seems to contain at least 10 times more activity than its parent strain Gll. However, we have previously shown that the amount of penicillinase for wild-type strains and for ampA mutants is directly proportional to the growth rate of the bacteria. This observation has suggested a possible role for the enzyme in.the biosynthesis of cell walls (4, 6) . Studies of D31 indicate that the amount of enzyme in this strain is constant at different growth rates and that the capacity of the cell-bound enzyme to hydrolyze penicillin is not sufficient to explain the resistance of growing cells (6) . When the substrate dependence was investigated for the cell-bound penicillinase in D31 by using DL-ampicillin, the curve was found to be slightly sigmoid, and the substrate concentration for half saturation was estimated to be about 5 mm (6) . This is 1,000-fold higher than the Km for D-ampicillin and the purified enzyme (see Table 5 ). Another factor to be emphasized is that the recovery after the release of the enzyme was more than 100% (see Table 1 ). Gllal (5) . The subsequent finding that the enzymes from the two strains are indistinguishable is thus consistent with the assumption that the ampA region contains the structural information for the penicillinase. The mutant Gllal produced at least 10 times more penicillinase than the wild-type strain. To account for this finding, assumptions must also be made as to the effect of the mutation(s) on the regulation of the structural gene. From the present data it is difficult to conclude whether the wildtype strain produces a penicillinase identical to that of the mutants. However, neither immunological tests (Fig. 5) nor Km values for two substrates (Table 5 ) showed any differences between enzyme prepared from strains Gll, Gllal, and D31. However, the enzyme prepared from Gll gave two bands in gel electrophoresis and its turnover number was about half of the value obtained for the two other strains. The present data, therefore, do not permit definite conclusions concerning the relationship between the penicillinase and the ampA gene.
The second question about the natural function of the penicillinase is still open. We have previously presented a working hypothesis according to which penicillinase is an allosteric enzyme involved in cell wall biosynthesis (4) . Since the results here do not substantially support or disprove the hypothesis, we intend to continue and search the bacterial cell for components which can combine with the enzyme or interfere with its catalytic activity.
